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Introduction
Cigarette smoke is the dominant factor in producing lung cancer and emphysema, but many heavy cigarette smokers escape either or both these fates, which suggests that other factors influence outcome after prolonged smoking.
We have shown that individuals vary in their in-vitro cellular responses to DNA damage induced by cigarette smoke, as detected by sister chromatid exchanges.' We have also shown that among smokers this variation in response is related to the risk of developing lung cancer.' These findings are in keeping with the somatic mutational theory of malignant transformation. We report here an investigation into the cytotoxicity of cigarette smoke for human polymorphs to determine whether there was any variation in response and whether this was related to the risk of developing emphysema.
Methods
Using an automatic smoking machine2 we produced cigarette smoke condensates from three popular brands of British cigarettes, one with a high-tar content, one with a middle-tar content, and one with a lowtar content. Each condensate was dissolved in dimethyl sulphoxide (DMSO) at a series of dilutions and stored at -20°C before use. Polymorphs were separated from freshly defibrinated venous blood by sedimentation over we assessed cytotoxicity by counting the number of cells that failed to exclude the vital dye Nigrosin. 4 Initially we examined the responses of cells from five individuals to a series of doses of condensate from each of the three types of cigarette. Then we used condensate from the high-tar cigarette alone to study the responses of cells from the following groups.
Group 1 comprised 40 healthy subjects aged 20-50 years; 20 were men and 20 women and 20 were smokers and 20 non-smokers.
Group 2 comprised 10 men who were heavy smokers and had clinical, physiological, and radiological evidence of severe, irreversible airways obstruction and probable emphysema.
Group 3 comprised 10 men matched with those in group 2 for age and smoking habits (inhalation, duration, and average consumption) but in whom there was no evidence of respiratory disability. Six had ischaemic heart disease, two peptic ulceration, and two varicose veins.
All subjects in groups 2 and 3 were studied while they were outpatients and their clinical problems were stable. They were all lifelong city dwellers and had worked as skilled or semi-skilled manual workers. Oral medication in the two groups was similar but six of the men with probable emphysema used simple bronchodilator aerosols.
Individuals from both groups were tested in matched pairs, and their polymorphs were exposed to the same cigarette smoke condensate throughout the series. The respectively, 1/800, 1/320, and 1/160 of the smoke from one high-tar cigarette. Although the different types of cigarette produced different amounts of condensate (in the ratio 4:2:1 for high-, middle-, and lowtar categories), the condensate from each type of cigarette produced the same cytotoxic effect. Cells from the 40 healthy subjects in group 1 showed a continuously distributed variation in response to condensate from the high-tar cigarette, with the proportion of dead cells ranging from 30% to 66% and from 17 to 87%, at exposure levels of 125 and 250 cug cigarette smoke condensate respectively. Fig 1 shows a one month, or tests after exposures of 30, 60, and 90 minutes-showed that these differences in response were reproducible (table III ). An analysis of the results of all 40 healthy subjects in group 1 showed that these stable differences in response were unrelated to age, sex, or smoking habit. 
Discussion
This study showed that cigarette smoke is a potent cytotoxic agent. The effect of the smoke was detectable in a population of 106 polymorphs exposed to 50 .tg of cigarette smoke condensate -a quantity derived from 1/800 of the smoke from one high-tar cigarette. The cytotoxicity of the condensate from the filtered cigarettes (middle-and high-tar categories) was the same as that from the unfiltered high-tar cigarette, which reinforces recent evidence that filter cigarettes are safe in only a limited sense.5 tested, which may reflect the presence of younger, more metabolically active polymorphs in their circulation. Furthermore, the finding that the cells of the heavy smokers in group 3 (who had no respiratory disability and no active disease) were more resistant than those of the healthy unselected group strongly supports the conclusion that the differences in responses between our two highly selected groups (2 and 3) were primary.
Our results therefore support the epidemiological evidence that many heavy smokers can escape the development of emphysema, but suggest that this may not be by the effect of chance alone but, in a proportion of individuals, because their cellular responses differ from those of their emphysematous counterparts. Our findings also accord with the current theory of the development of emphysema, which states that polymorphs in the lungs that have been damaged by cigarette smoke release proteolytic enzymes which initiate the pathological process by digesting supporting tissues in the lung. 
